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properties 

(57) A method for characterizing samples which 
contain units, comprising the steps of: 



a) monitoring intensity fluctuations of radiation emit- 
ted scattered and/or reflected by the unrts in at 
least one measurement volume with at least one 
detection means which is capable to detect reduc- 
tion emitted, scattered and/or reflected by said 

^determining at least two-dimensional intermedi- 
ate statistical data from the detected intensrty fluc- 
tuations, 

c) determining the concentration of the unrts as a 
function of at least two specific physical properties 
out of said intermediate statistical data. 
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Description 

The presem invent 
^^anun^rofpharm^^ 

cence intend or in anisotrooy of , lu orescerca Ho«e^a has induced interest 

gle fluorophore molecules became available. The <^<™'f^7 ° demons trated the possibility to detect 
perfom^byAtegde.EleonandW^ 

nunter fluctuations of fluorescent ^^^^^Tr^oZoa Kinetic constants and diffusion coeffi- 
copy (FCS). FCS was primarily developed as a method ] ^Zl xriaet of molecules of specific reactante 

derts. The experiment consists essentially in measunng ^ewnahon d*e J*^ mMMKl 

mtin*inadXaopen^umeo1^ 

as fluorescence intensity fluctuate from a ,^^ e " ^"^^n thTimage plane of the microscope collect- 

the measured fluorescence intensity. .„. inrtC M fhmrescent soecies having different diffusion 

An inportant appl^tton of FCS is to ~e ^^^TtZL of two I nds of parUc.es in 
rates in a mixture. In order to separate the two ^^^mMmtm^ diHer ence in diffusion time is needed, 
the autocorrelation functon of th^es. Further-™. » one succeeds in 

» which corresponds generally to an «9ht*« *^ TrS His yet not sufficient for determining 

separating the two terms in the autocorreUUon fumac** 9 ^ diHerent ^ « particles. 

^ corresponding ™»nMm«^ ^^^^^^r^yzinfl samples by measunng numbers 
The European patent application 96 116 W 85 ™"" scattered and/or reflected by particles 

of photon counts ^^^^^.^^^^S^^^^t^ interval characterized 
* in said sample, and determining the *f' M ™J^2^dJZZ£wsM distribution of the number of pho- 
mthatthedistribution of specify TOs^ecial errfcodiment is the so called 

ton counts. This method can also be %S£mS*m between different species according to 

,„ FACS machines, the intensity of l*ht emitted by ^'^X^fngTes «n be plotteS sLteneously. 
intensities corresponding to different wavelengths. "^"gT^^ arrive and leave me measurement 
However. ordir*ryFACScanno.be^ed,n^ 
45 volume at random pathways, so that a tot of them *^.^^ esoonding t0 dividual particles Is so weak that 

^Oneobiectof^eirvenUon is to Mcreasethe reality ofanaiys^o, sanies ar^f reduce r,Kofmi«n.erpretaton 

" 01 To^SctS the iwenUon is to considerably broaden me field of «pfic*«* of mu«**nsiona. analysis of 

^obiec^ofmepresenti^onare^ 

tt is to be understood that the feOowng descnption e ^tended to oe d ^ inven . 

« ments wiU be apparent to those of s*ll in the art upon '^"^ a « counts from light emitted by 

ton will be described primarily «* . «* rence to ^JJe^^av^Mn^m^^te^ 
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o value or interval of values for one speaesana, in cross-section quantum yield of fluorescence, 

fluorescence occurs upon binding. ^, »u Q H^,,cir»n tima nf L. and the second with the diffusion time 

each other in at least one out of the two .pacific * *_ |es unte which emit, scatter and/or 

According to me '^t^X ™ * h at 006 

reflect radiation becomes possible. In the first step. ^ is 10 detect radiation emitted, 

* measurement volume are monitored with at least one M ^^^*^°ZZi at least two-dimen- 

mediate data is to bedetenninrfdepercls on me^ 
« SnT^i^^^^ 

55 photon counts in consecutive time intervals of given '^J^f^'^^^^rrrurtr^ time of arrival of 
preferred embodiment, sari intensity fluctuating of '^^^^'^^^^Znc. whether one 
Dhotons and/or time intervals between consecutive photon counts. It is a matter ot tecnnica 
collects data in terms of count numbens per time interval or time per count. 
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^r^»^r- ss* — — — - 

^gMber*eferred to monitor the i ^^ flu ^^"^r<Zs P edtk : brightness correspond^ tor 
Hc^eres"edin^ 

,o example, to different polarizations or spectral ^ s *^« ^ect radiation emitted, scattered and/or reflected 
ZZL one detecton means. Any detector wh|* avaland* photcx.icde. a 
bTunrtsofthe sample maybe used. Appropnat , „ *«> be preferred to use a mdWetector 
£ cCentional photodkxles are weU^n ^dtec^ ^a.!y if one wants to measure a set dsanpU* 

sional multiarray detector. , properties characterizing said units is the diffu- 

ss ratio of fluorescence of the whole sample, but also by^°^ecmcp»^ rf spaces. Accord- 

25 K.mese.ast,wop^^^ 

ing to the present invention, these properties can a»w 

^Tpr^!^ 

lifetime of fluorescence. i,, mi „ osce nce Droperties like fluorescence lifetime or fluorescence 

35 The specific physical properties, in particular £££ lummophore via different linker molecules. It 

ani sZw of the units can be varied by corrugating * e ™^*^lg number of equal or different monomers. 
n^M oTpreferred to use polymeric ,i*er ™^™™*^^W*<* *em wHhaf rst molecute as e.g. 

The luminescence property of •» "J*™* ^.g lunTnescently labelled avidin or stteptav^'"- 

biotin.v^chbindsahmines^^^^ 

The luminescence propert.es of a parole ^^^^ particle and subsequently emrtted^ 
partide is transferred upon dose contact to ^T^l^^Z^Z for high throughput screening, d.agnosta 
* The method according to the present ^jj*"^ or for general analytical purposes, such 
purposes, monitoring polymerization, aggregation or degradation pr 

as environmental analytics or process control Dharmaoo logically active can be analyzed through the* 

a m screening procedures, substances that ™ of a luminescent* labeled ligand to recep- 

irteractionwith specific receptors by examtn ng ^'^^^^on receptoroverexpressing earner cells or 
^wherein natural receptors on their ^\^^T^^Tam>^ may be used. Moreover, 

^pt on vesdes or receptors in the form ^^^IZ^ZZ environment can be detected by rnon- 
^interaction of substances with enzymes in ^™ °™' f*™ e brightness . rotational diffusion, or any other of 
so WngachangedtoesubstratedtheeW 

the above mentioned fluorescence properties. Another ™ansotoe H f to ,nvest«at,ng 

So^molecule. which binds to either edud or pr^»«W* such as Green Fluorescent Protein 
adivny of *"^J%ZZE2£ Kfiw applied. «n- 
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-on line- in a capillary at the end of a separation matrix. The coupling of fractionating methods with FCS detection is 
described in detail in WO 94/16313. . . 

With resoect to the determination of interactions between antigens and antibodies, the antigen ts often presented 

ILrfrfort the "oure" sianal eg by absorption of fluorescence photons or unspe<^c b.rxi.ng of me labelled probe to 
^_Jir oivH »« hrinhlness thev can be separated from the signal caused by artifacts. 

^^efSdtg^teisto UirifrnucMc add strands by a labelled probe molecule, such as an speed* ol, 
gomt^e^eolS^^ 

^nudeicadd can be identified by the diffusion time and the number of primers having bound to it A™* 0 ^' 
^iS^^S l^ strands wHh a primer cocktail, which preferably conssts cl a mixture d drKerent 

sJSK^ 

do not exhibit a bias due to different molecular brightnesses, as rt would be the FCS *"» 

fomenting according to the method of Sanger. oPgomers of ^ 1 T^^££^JZ££ 
acid is labelled with a dye. are identified. Advanced techniques, as e.g. the onedesabadin DE 38 07 ^JSAI^use dyes 
wMch exhibttdifferent properties, such as fluorescence lifetime, according to the type of base they Tne 
TmZhZ base *lch more secure H several properties, sich as fluorescence Wetime and bngMness or any 
physlXoperty. are determined according to the invention and cross enacted for pre- 
£ rtoMta i «mpfe to be sequenced is separated by gel or capillary electrophoresis, or a separation step 

in V«r^«rMnn esoeciallv in ceU or bead sorting, the task is to separate cells or beads according to their bmtog- 

Z™rtSa intensity of scattered light in a measurement volume much larger than the soe of the cell or of 
™a^s ~e^ead. Thus, cells or beads binding orty partly a ligand which is also present unbound ,n the sur- 
n3tTsolutioVcaSe monitored by prior art The current invention solves this problem even fa redely large 
^^X^^Z^ florescence and/or mdecu.ar parameters different from mere intensity, and 
, Z~ ttTepar^n of both colons, that of the bound and the one of the ^ ^ . 

The importance* the present invention for the characterization of samples may be furtheNlustrated by f£ fol low 

invention allows distinguishing species A, which is a fast diffusing component with a specific bnghtness. from species 
r which is a slower diffusing component with the same specific brightness as a. 

In one Lfertmrt MM irtermediate statistical data are fitted using a priori information on sari sample. In a fur- 
^S^^JSSSm^ processed applying muftidimensional inverse transformation «Hh linear reg- 

from Ra^^Se sZe material and dark count rate of the detector, with respect to the count rate per un* 
In^S SZ.«. Preferred to use measuremem volumes smato than 10- 1, more preferably smaller 



5 



EP 0 884 583 A1 



pact discs (CD) or mint CDs. and the small optical measurement volume may be 

sample. 

cal Poroscopy. Near field optical microscopy to the measurement 

40 nesses (number of photon counts per particle) of both spedes- intermediate statistical data. 
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are observable. 



Example 1 



Experimental data were collected and M ^ id f.^ m ^ r ^"_ ™ R) "measuring the sequence of the 
experiments were performed on a 0.5 nM solute ,^™°*^ a ™ J^S Z*c* dt each experiment was 
n^rotphtfon^untsc^espond^ 

40 s. In addition, five further experiments were P^«™* * T " ^"SSS, counts obtained at T = 20 |is and T = 
of data files was created serri-arfitaally. summmg pairs erf M ones. The mixture 

« „sto simulatea rrfxture of -dar^-bu. w^u^ofT^. whereas a twofoW 

of fluorescent species with twofold d *«* M ' n !*^ 

sented in Table 1. 

Table 1 



created according to the following procedure. Five 







No. 


Sample 


Sampling time (ps) 


(mean number of 
molecules per 
measurement vol- 


(mean number of pho- 
ton counts per mole- 
cule) 


(arbitrary units) 


" "l" 


TMR0.2 nM 


~40 


ume) 



0.238/ 

0.236/ 


4~.06 / 
4.12/ 


13.1/—""" 
13.2/ 


2 






0.237/ 


4.12/ 


12.8/ 


3 






0.240/ 


4.10/ 


12.7/ 


4 






0.235/ 


4.09/ 


12.6/ 


6 
7 


TMROSnM 


20 


/ 0.589 

/ 0.585 


/2.01 

_----/ 2.02 


/6.99 

/6.89 


8 
9 






/ 0.588 

/ 0.600 


/2.01 

/2.00 


/6.86 

.„.../ 6.78 


11 
12 


Mixture 




0.291 / 0.536 
0.254/0.568 


3.92/1.90 
4.04/1.99 


12.6/6.9 
11.5/7.6 


13 
14 

15 






0.280 / 0.544 
0.251 / 0.589 


3.94/1.96 
4.02/1.97 


13.5/5.8 
13.2/6.2 



Claims 

1 . A method far characterizing 



samples which contain units, comprising the steps of: 
intermediate statistical data. 

2. AM «^ to d*1.^-^»««^ h ^ - *^^ 



said 
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ot photon counts in consecutive time intervals of given length. 

* ^ acc£ rfinatociaim 1 and/or 2. wherein said intend Auctions are monitored in terms of determining 

zz^^^s^^ =L *— eros ~ ofre,ation ,M a 

combinations thereof. 

beTting^shed byat least one of ft* specif* physxa. propert.es. 
cence intensity. 

property direetty related to said diffusion coefficient. 

acterizing said units is the specific tightness. 

Ameftodaccordingtoat^^ 

characterizing ffcorescertunrts is M^^^ ^ ^ 

.-asssss. 

LT* a specific lurrtnophore via drfferent linker molecu.es. 

£2 Neuter luminescent* labelled avMn or streptavrdm. 

. ,k« w aims 1 to 14 wherein the luminescence properties of a particle are 

nophore of an acceptor partide and subsequently emitted, 
a priori information on said sample. 
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Wimenstonal inverse transformation with Bnear region and/or constraints. 

. „ rbims 1 to 18 wherein the measurement volume is only a part of the 
19. A method according to at least one of the ^'f J.£ ""X * 10"" I 
totei volume of said sample and has a volume * 10 I. preferably 

scanned, 
system. 

«4 * a HahnB 1 to 21 wherein said measurement volume is restricted by the use 



excitation. 
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Fig. i 
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Fig. 2. 
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Fig. 3 
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Fig. 4 
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Fig. 6 
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